Abstract: This study aims to explore whether broadcasting heat health warnings (HHWs), to every household and whether the additional home delivery of bottled water labeled with messages will be effective in improving the behaviors and knowledge of elderly people to prevent heat-related illness. A community trial on heat-related-illness-prevention behaviors and knowledge for people aged between 65 and 84 years was conducted in Nagasaki, Japan. Five hundred eight subjects were selected randomly from three groups: heat health warning (HHW), HHW and water delivery (HHW+W), and control groups. Baseline and
Introduction
Heat wave events are becoming a serious public health concern. The heat wave that occurred in Western Europe in 2003 was estimated to have led to 14,800 excess deaths in France [1] and 71,000 in 16 European countries, including France [2] . The 2009 heat wave in Victoria, Australia, was reported to have caused 347 excess deaths [3] . In Chicago, USA, during the 1995 heat wave, there were 1072 excess hospital admissions among all age groups and 838 among people aged 65 and older [4] . The elderly are more vulnerable to heat because of changes in their thermoregulatory system [5] . In Japan, it has been reported that about half the patients taken to the hospital by ambulance due to heat stroke were elderly people over the age of 65 years [6, 7] . To reduce the adverse health effects of hot weather, heat health warning systems (HHWSs) that include early alerts and emergency measures in response to forecasts of weather conditions that violate predetermined trigger levels have been introduced in cities around the world [8] , and a HHWS has been operated in Japan since 2006 [9] . Although some studies reported the effectiveness of HHWSs to reduce excess deaths, most studies simply compared the number of deaths during a hot period where no HHWS was implemented with a similar hot period after a HHWS was implemented, without including a control (non-intervention) group [10] . In such studies, it is hard to establish a robust causal relationship between the implementation of a HHWS and reduced mortality. Also, in these "natural" intervention studies, there was no evidence of whether the warnings reached and were heeded by the target individuals, especially the elderly who are more likely to have difficulty in accessing such information. Because mere availability of a HHWS does not necessarily lead to behavioral changes to take protective actions [10] , and because awareness and perception of themselves as vulnerable are more likely to trigger protective actions [11, 12] , individual-based approaches to raise the awareness of at risk individuals may also be needed.
Here, we aim to explore whether broadcasting heat health warnings (HHWs) to every household using existing optical networks in the community, and whether the additional home delivery of bottled water labeled with messages about the prevention of heat-related illness (individual-based approach) will be effective in improving the behaviors and knowledge of elderly people to prevent heat-related illness.
Materials and Method

Study Design
This study was a community trial with three arms: (1) dissemination of HHW to each household (HHW group); (2) dissemination of HHW plus bottled water delivery to each household (HHW+W group); and (3) no-intervention (control) group. The intervention period was 9 weeks in the summer of 2012 and the data were collected pre-and post-intervention.
Settings and Participants
The study was conducted in Goto on Fukue island (population 37,875, area 158.45 km 2 ), one of the remote islands in Nagasaki prefecture, Japan (Figure 1 ), where 32% of the population were aged 65 years and older. Among the five administrative areas of Fukue island, two areas were assigned to the HHW group, two were assigned to the HHW+W group, and one, the most populous area where no audio terminals or optical networks were installed in any of the households, was assigned to the control group. People aged between 65 and 84 residing in the five areas on 30 April 2012 were eligible for inclusion in the study. Because people aged 85 and older have a high possibility of suffering from dementia or cognitive disorders, they were excluded from the study. Stratified random sampling in each arm was conducted to select 127 people in each age group (65-74 and 75-84 year-olds) and for each sex, giving a total of 508 people in each arm. Random sampling was performed by the Department of Statistics of Goto City based on the Basic Resident Register.
Figure 1.
The map of the study site.
Sample Size
Assuming that the use of air conditioning (AC) would increase from 75 to 85% in the intervention group at a 5% significance level with 80% power, the overall sample size required was 810 (270 in each arm of the study). Accounting for a 20% loss to follow up, a 20% non-response rate, and a design effect (1.2), the final sample size required was estimated to be 1524 (508 in each arm).
Intervention
HHWs were delivered for 9 weeks (from 1 July to 1 September 2012) to each household in the HHW and HHW+W groups from the city hall through existing audio terminals connected to an optical network. The audio terminals and the optical network were installed by the local government in 2008 to disseminate disaster prevention information, and they were present in each household in the administrative areas of HHW and HHW+W groups. HHWs were broadcasted when the following weather conditions were met: the predicted wet-bulb globe temperature (WBGT) was 28 °C or higher, and the predicted ambient temperature was 31 °C or higher. The predicted WBGT was provided by e-mail from the National Institute of Environmental Studies to the city hall at around 6 am, and the predicted ambient temperature (updated at 5 am and 11 am) was obtained from the Japan Meteorological Agency website [13] . Municipal staff confirmed the up-to-date temperatures and decided whether they would deliver a HHW in the mornings (10 am) and afternoons (1 pm).
In addition to the HHW delivery, two 500 mL bottles of water with short messages about heat-related illness prevention behaviors were delivered by couriers to each household in the HHW+W group once a week for 5 weeks during the intervention period. The idea was to remind the people in the group to drink water in hot weather, and the messages also recommended drinking tap water after finishing the two bottles of water. For individuals who had restricted water intake recommended by a medical doctor, we advised them to follow their doctor's recommendation.
Pamphlets created by the Ministry of the Environment (Japan) about heat-related-illness prevention were delivered to the two intervention groups when the baseline questionnaires were collected. Chilling pads were also distributed to participants in the HHW+W group as a reward for answering the questionnaires. Chilling pads are towel-like shaped products that were developed to prevent heat stroke. Once chilling pads are soaked in water, cold sense can be gained for a certain period of time.
Data Collection
Letters of consent and the baseline questionnaires were sent to all the selected people by post before the end of June 2012. Follow-up questionnaires, with the same multiple-choice questions, were sent to respondents by post at the end of August after the 9-week intervention period. The questionnaires were collected by 121 local welfare commissioners (Minsei-iin) in Goto. Minsei-iins are usually assigned by each municipality in accordance with the law. Explanatory briefings about data collection were given in June 2012, and follow-up sessions were also implemented in the following 3 months. The Minsei-iin collected the baseline questionnaire and letters of consent at the end of June and the follow-up questionnaire in September 2012. When Minsei-iin reported that a selected participant was suffering from dementia or cognitive disorders and had difficulty in answering the questionnaire, that individual was excluded from the study. If a participant had a writing disability, the Minsei-iin helped them fill in the answers.
Outcome Measures
The questionnaires consisted of three parts: information about the participants' demography and lifestyle; behavior modification during heat; and knowledge about heat-related illnesses. For behavior modification, 13 outcomes were defined; six were related to the use of AC and electric fans (EFs), and seven were related to the actions of the participants to prevent heat-related illness. Questions about cooling devices related to operating times of AC and/or EFs (daytime and nighttime), at what temperature the AC was switched on, and how the EF was used. Questions about awareness or steps to prevent heat-related illness included frequency of alcohol intake, water intake, cooling of the body, taking a rest, reduced activities during daytime, type of clothing, and use of hats or parasols outside. The details of the questions are available in the Appendix. For knowledge of heat-related illness, there were 25 questions, each with two options: yes or no. The questions related to prevention, symptoms, basic information of heat-related illness, perspiration, and effective use of EFs. We asked the participants to answer the baseline questionnaire to help us determine the trends in participant use of cooling devices and attitudes or actions during the summer in 2011. In the follow-up questionnaire, we asked the participants to answer based on how they responded to the heat during the 2012 summer.
Statistical Analysis
Based on their responses to the baseline and follow-up questionnaires, the participants were divided into improved or non-improved individuals for behavioral modifications. The definitions used in this study for the improvement for each variable are given in the Appendix. Briefly, for the question about the length of AC use, for example, the participants who reported longer AC operation times in the follow-up survey compared with in the baseline survey were categorized as improved, the others as non-improved. The odds ratios (ORs) and 95% confidence intervals (95% CIs) for the difference in improvement rates between the three groups were estimated using multivariable logistic regression analysis adjusted for individual characteristics and lifestyle (sex, age, education, family structure, employment, community involvement, frequency of listening to the radio, and residential type). For knowledge about heat-related illness, the differences in the mean number of correct answers were compared between the three groups using the Mann-Whitney U test. Stata software version 12 (Stata Corp, College Station, TX, USA) was used for the statistical analysis. p < 0.05 was considered as evidence, and 0.05 < p < 0.10 as suggestive.
Ethics
All subjects gave their informed consent for inclusion before they participated in the study. The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Ethics Committee of the Institute of Tropical Medicine, Nagasaki University.
Results
Respondents
Of the 1524 elderly people approached, 44 (2.9%) were in a nursing home and were excluded from the study. A further 341 (22.4%) declined to participate in the study because of a lack of interest or precarious health. A total of 1139 returned their letters of consent and the baseline questionnaire. Of these, 67 dropped out for various reasons (Figure 2 ), leaving 1072 (70.3%) participants who completed the study. Moreover, we showed the consort checklist in Table A1 . Table 1 shows the baseline characteristics of the participants in the three study groups. Each item in Table 1 includes missing data due to non-respondent and the missing data was handled as missing. Participants in the control group had a higher educational status than those in the other groups, and tended to live in a flat or a building made from reinforced concrete. However, there were no other significant differences in the personal characteristics and lifestyle among the groups. Most participants had their own AC or EFs at home and only two participants owned neither. Note: The total for each characteristic is not 100% because non-respondents were excluded.
Weather Conditions and HHWs
The average daily maximum temperatures in July 2011 and 2012 were 26.63 °C and 26.55 °C, respectively. This temperature difference was not statistically significant; however, the temperature difference between August 2012 (28.06 °C) and August 2011 (27.22 °C) was statistically significant (p < 0.01) (Figure 3 ). HHWs were issued for 12 days in July 2012 and for 22 days in August 2012. Most of the HHWs were issued at around 10 am, except for one day in August when the HHW was issued in the afternoon. 
Improvement of Behaviors to Prevent Heat-Related Illness
The crude and adjusted ORs for the improvements in the use of AC and EFs in the three groups are shown in Table 2 . For the HHW+W group, both the crude and adjusted ORs for the operating times of nighttime AC were 1.49, which was significantly higher than in the control group. However, there was no evidence of the improvement in the daytime AC use, temperature to turn on AC ≤ 27 °C , room temperature setting of AC ≤ 27 °C, EF use or simultaneous use of AC and EFs (under "effective use of EF" in Table 2 ) in either of the intervention groups.
There was evidence of an improvement in the frequency of water intake and cooling body in the HHW+W group compared with in the control group (p = 0.003 and p = 0.002, respectively) and also compared with in the HHW group (p = 0.067 and p = 0.095, respectively). An improvement in the frequency of taking a break (p = 0.088), reduced activities in the heat (p = 0.093), and increase in hat or parasol use (p = 0.008) was also found in the HHW group compared with in the control. 
Knowledge of Heat-Related illness
The mean scores of knowledge about heat-related illness were improved in the control (p < 0.001) and in the HHW+W group (p = 0.064) (Table 3) . Overall, participants gained a comparatively better understanding about the prevention and symptoms of heat-related illness. Knowledge about the effectiveness of EFs to reduce ambient temperature (item No.23 in Table 3 ) and heat stroke events (item No.25 in Table 3 ) was low in all three groups. There was no evidence for the improvement of the knowledge scores among the three groups.
Discussion
The aim of this study was to assess the effectiveness of household dissemination of HHWs and additional household bottled water delivery to improve the behavior and knowledge of the elderly to help prevent heat-related illness. Earlier studies have investigated the effectiveness of HHWSs simply by estimating decreased excess deaths without comparing them with non-intervention groups [10] , and no evidence of whether the warning reached to the target individuals was reported. In this study, we used a study design that overcame these defects in the earlier studies. We found that HHW+W was significantly associated with improved behaviors (i.e. nighttime AC use, frequency of water intake, cooling of the body, and reduced activity in the heat), while HHWs alone improved taking a break, reduced activities in the heat, and encouraged hat or parasol use. An additional effect of household water delivery was observed in water intake and cooling the body.
The HHWSs in Europe tend to operate more at national levels than the HHWSs in other countries [14] . Further, in Europe, the action plans include not only HHWs but also other provisions, such as activation of hotlines, increased medical staff, and monitoring vulnerable people [14] . Although other countries and regions have implemented HHWSs at national and local levels [10] , only a few municipalities have established action plans with multiple provisions for heat [15, 16] and the effects of an individual-based approach for the elderly has never been assessed [10, [14] [15] [16] . Therefore, in the present study, we defined three arms to investigate the effectiveness of a community-based approach and an additional individual-based approach in modifying behaviors in an elderly Japanese population.
The HHW+W group showed a significant improvement in nighttime AC use compared with the control, implying that, in addition to the HHWs, repeatedly sending bottled water with messages might have worked as a reminder that indirectly enhanced behaviors towards heat. Moreover, because of water delivery, the participants in the HHW+W group had chances to meet third persons (i.e. couriers), while no specific interposition of couriers was taken place in the other groups. Social isolation could exacerbate heat-related deaths or illness [17, 18] , suggesting that the interposition of a person could help prevent heat related illness in the elderly, even when the person was a non-family member. There may be concerns about a possible contamination of intervention effects in the control group by the Minsei-iin visits to collect baseline and follow-up questionnaires: this may have slightly affected behaviors and knowledge of the control group. However, because the Minsei-iin collected the questionnaires exactly in the same way in the intervention groups too, it seems unlikely that this would have introduced bias in the study results.
The improvements gained by the individual-based approach may partly be because, by distributing bottled water, there was an improvement in water intake, suggesting that the water bottle itself could have worked as a reminder to increase water intake. The distribution of chilling pads might also have improved the frequency of cooling of the body, even though they were distributed as rewards. These results suggest that the participants might have more easily understood how to prepare for heat because of the products that were distributed. Thus, product distribution could possibly be effective for the elderly as a trigger for behavior modification.
Knowledge score of heat-related illness in the control group was significantly improved, even when no interventions were conducted. Because of high TV ownership, we assume that this is because most participants could have accessed information about heat through weather news. In addition, though the proportions themselves were not high, newspaper, radio and internet use were also higher in the control group than in the intervention groups, and this may have also contributed to the improvement of the score in the control. While we incorporated radio use in the model to control for the potential confounding effects of these mass media, the intervention effects may still have been biased toward the null.
The results showed that many participants had insufficient knowledge of EFs, because most of them believed that EFs reduced ambient temperatures. Although EFs can help ventilate a room, sufficient evidence that EFs are protective against heat has not been gained so far [17, 18] . EFs can increase convective heat gain when ambient temperatures are ≥ 35 °C, because hot air is blown over the body [19] ; further, high humidity can weaken the ability of fans to dissipate heat through evaporative cooling. Therefore, at high temperatures and humidity, the risk of heat stroke is high when only fans are used for cooling [20] , whereas AC has been proven to alleviate heat-related deaths or illness [21, 22] . Thus, the use of AC and EFs together is better when faced with high-temperature and humidity.
No clear instructions were given regarding the temperatures at which to turn on AC or ideal room temperature settings. The distributed pamphlets suggested that AC should be used according to the situation; therefore, the participants possibly did not fully understand when AC should be used.
The participants also gave a relatively low number of correct answers regarding relationships between heat-related illness and chronic diseases. Some studies have reported that extreme heat can exacerbate chronic diseases such as diabetes, cardiovascular, respiratory, renal, and mental diseases [18, [22] [23] [24] . Incorrect knowledge can exacerbate not only heat-related illness, but chronic diseases as well.
Limitation
Because almost 30% of the sampled subjects did not respond to the survey or dropped out in the trial, there is some concern of the selection bias, which could have resulted in higher effectiveness of the intervention than truth. Furthermore, elderly people tend to lose temperature sensibility due to aging, thus implying that some of them might not believe that they were not at risk in the heat. This might show better result than the actual intervention effect.
There may be concerns about potential cross contamination of the HHWs into the control group. However, in the area of the control group, audio terminals and optical network have not been installed. There are no announcement devices in public places; they have only been installed in each house of the participants in the HHW or HHW+W groups. Hence, even if the participants in the control group visited the HHW or HHW+W areas, they could not hear the HHWs unless they were inside the houses. Additionally, the participants were randomly selected based on the administrative areas defined by geographical clusters, and mountainous areas exist between boundaries of the groups. For this reason, we believe that cross contamination was unlikely to have occurred by the design.
A specific health outcome, such as morbidity or mortality, was not investigated in this study because the aim was to assess behavior changes in the elderly. To reduce the adverse effects of high temperatures and humidity on health, we believe that it is necessary to first evaluate whether HHWSs can be effective in changing behaviors because it has been reported that the mere availability of a HHWS does not necessarily lead to behavioral changes [10] and, in the absence of behavioral changes, it is almost impossible to determine the protective effect of an intervention on morbidity or mortality. In future studies, it may be desirable to include health outcomes to investigate reductions in the health burden as a result of the interventions.
Conclusions
Some evidence was found to show that the provision of HHWs improved behaviors to prevent heatrelated illness in the elderly. The additional household water delivery improved some additional behaviors to prevent heat-related illness. The results indicate that an individual-based approach in addition to a community-based HHW may be needed to raise awareness. Further studies to investigate whether the behavior changes caused by the interventions can be linked to improved health outcomes are needed.
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How many hours did you use an electric fan a day?
(1) rarely (2) 1-2 hours (3) 3-4 hours (4) more than 5 hours.
Definition of Improvement Group
 Participants who used an electric fan longer in the follow-up questionnaires than in the baseline questionnaires.  Participants who chose Option (4) in both the baseline and follow-up questionnaires. These participants had used an electric fan for more than five hours even before the intervention.
How did you use a fan?
(1) use a fan with AC simultaneously (2.) do not use a fan when using AC (3) use only a fan (4) other.
Definition of Improvement Group
 Participants who chose either Options (2) or (3) in the baseline questionnaires, and chose Option (1) in the follow-up questionnaires. These participants used either an electric fan or AC before the intervention, and grew to use both at the same time after the intervention.  Participants who chose Option (1) in both the baseline and follow-up questionnaires. These participants had used an electric fan and AC at the same time even before the intervention
How often did you drink alcohol during summer?
(1) never (2) rarely (3) sometimes (4) almost every day.
Definition of Improvement Group
 Participants who grew to refrain from alcohol in the follow-up questionnaires more than in the baseline questionnaires.  Participants who chose Option (1) in both the baseline and follow-up questionnaires. These participants had refrained from alcohol even before the intervention
What kinds of clothes did you wear?
(1) jumper or sweatshirt (2) long-sleeved clothing (3) short-sleeved clothing and short pants.
Definition of Improvement Group
 Participants who grew to wear lighter clothes in the follow-up questionnaires than in the baseline questionnaires.  Participants who chose Option (3) in both the baseline and follow-up questionnaires. These participants had worn light clothes before the intervention.
How often did you drink fluid (excluding liquids included in meals)?
(1) days when you never drank fluid (2) days when you hardly drank fluid (3) drink sometimes even if did not feel thirsty (4) drink regularly even if not feeling thirsty.
Definition of Improvement Group
 Participants who grew to drink fluid more frequently in the follow-up questionnaires than in the baseline questionnaires.  Participants who chose Option (4) in both the baseline and follow-up questionnaires. These participants had drunk fluid regularly even before the intervention.
Did you cool your body when feeling hot?
Definition of Improvement Group
 Participants who grew to cool their bodies down when feeling hot in the follow-up questionnaires than in the baseline questionnaires.  Participants who chose Option (4) in both the baseline and follow-up questionnaires. These participants had cooled their bodies when feeling hot even before the intervention.
Did you take a rest when you were active (doing agriculture, fishery and walking)?
(1) never took a rest regularly (2) rarely took a rest regularly (3) sometimes took a rest regularly (4) tried to take a rest regularly.
Definition of Improvement Group
 Participants who grew to take a rest more frequently in the follow-up questionnaires than in the baseline questionnaires.  Participants who chose Option (4) in both the baseline and follow-up questionnaires. These participants had taken a rest regularly even before the intervention.
Were you active (doing agriculture, fishery and walking) during the hottest period of days (10 am to 4 pm)?
(1) active every day (2) active frequently (not every day) (3) sometimes refrained from being active (4) tried to refrain from being active.
Definition of Improvement Group
 Participants who grew to refrain from activities during the hottest period in the follow-up questionnaires than in the baseline questionnaires.  Participants who chose Option (4) in both the baseline and follow-up questionnaires. These participants had refrained from activities during the hottest period even before the intervention.
Did you use a hat or parasol when going outside?
(1) never (2) rarely (3) sometimes (4) every day.
Definition of Improvement Group
 Participants who grew to use a hat or parasol more frequently in the follow-up questionnaires than in the baseline questionnaires.  Participants who chose Option (4) in both the baseline and follow-up questionnaires. These participants had used a hat or parasol every day even before the intervention. Settings and locations where the data were collected 3/ Figure 1 Interventions 5 The interventions for each group with sufficient details to allow replication, including how and when they were actually administered 4
Outcomes 6a Completely defined pre-specified primary and secondary outcome measures, including how and when they were assessed 5 6b Any changes to trial outcomes after the trial commenced, with reasons N.A.
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